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(57) An aromatic polyamide, which is high in heat resistance and is soluble in various organic solvents, is 
obtained by reacting 2,2-bis{3-amino-4-hydroxyphenyl)hexafluoropropane with an aromatic dicarboxylic 
acid, an aromatic dicarboxylic acid dihalide or an aromatic dicarboxylic acid diester. By a dehydrating and 
cyclizing reaction the aromatic polyamide can easily be converted into a polybenzoxazole, which is soluble 
in various organic solvents. 
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SPECIFICATION 

Aromatic polyamides and polybenzoxazoles having diphenylhexafluoropropane units 

5 This invention relates to a group of novel aromatic polyamides having diphenylhexafluoropropane 5 
derivative units and a method of preparing the same, and also to a group of aromatic polyben- 
zoxazoles derived from the novel polyamides. 

Some aromatic polyamides are known as high-strength and heat resistant resins. However, 
known aromatic polyamide resins are inconvenient for shaping because they lack moldability and 
10 also because they are soluble only in limited and special solvents such as strong mineral acids 10 
which are corrosive and offer many problems to the practice of spinning or solution casting 
operations. 

Some aromatic polybenzoxazoles, such as ones described in Macromol. Chem.,,Vol. 83 
(1965), 167, are excellent in mechanical properties such as tensile strength, flexural strength and 

15 impact resistance, heat resistance represented by heat distortion temperature and thermal de- 15 
composition temperature, electric properties such as arc resistance and dielectric loss, flame 
resistance and dimensional stability. However, known aromatic polybenzoxazoles can hardly be 
used as industrial resins because they are hot melt moldable and not soluble in practicable 
solvents. JP 42-19272 proposes to obtain a polybenzoxazole in a desired form by first casting 

20 a solution of a polyamide into the desired form and then converting the polyamide into polyben- 20 
zoxazole. However, this method is not suited to practical applications because of problems 
related to the limited solvents for aromatic polyamides. 

Even though a polymer possesses attractive properties the polymer is of little value as an 
industrial plastic material unless it has good moldability and/or good solubility in a solvent low in 

25 price and convenient for industrial handling. There is little expectation that aromatic polyamides 25 
and polybenzoxazoles will be affored with melt moldability in view of their high melting or 
softening temperatures. Therefore, solubilities in commonplace solvents become a matter of 
primary concern. In general, it is effective in improving moldability or solubilities of a polymer to 
provide some disorder in the molecular structure by introducing a bulky substituent or by 

30 copolymerization. However, it is often that such modification of a polymer is accompanied by 30 
degradation of heat resistance and possibly some other characteristics of the original polymer. 

It is an object of the present invention to provide novel aromatic polyamides which are soluble 
in various organic solvents and possess excellent heat resistance and good mechanical proper- 
ties. 

35 It is another object of the invention to provide a method of preparing aromatic polyamides 35 
according to the invention. 

It is still another object of the invention to provide novel polybenzoxazoles, which are derived 
from aomatic polyamides according to the invention and are soluble in various organic solvents. 
We have accomplished the above objects by discovering that a group of aromatic polyamides 
40 derived from 2,2-bis(3-amino-4-hydroxyphenyl)-hexafluoropropane, viz. a compound of the follow- 40 
ing formula, are readily soluble in various organic solvents and that a group of polybenzoxazoles 
derived from these aromatic polyamides are also soluble in various organic solvents. 




45 



More definitely, this invention provides aromatic polyamides represented by the general formula 
50 (1): 50 




55 



wherein R is a divalent aromatic group, and n is an integer from 1 to 200. 

According to the invention an aromatic polyamide represented by. the general formula (1) is 
prepared by reacting 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane with a dicarboxylic acid 
60 represented by the general formula (2), a dicarboxylic acid dihalide represented by the general 60 
formula (3) or a dicarboxylic acid diester represented by the general formula (4): 
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O O 
}-C-R-cl-OH (2) 



5 



wherein R is a divalent aromatic group; 
O O 

10 X-C-R-C-X (3) 



15 




(5) 



10 



wherein R is a divalent aromatic group, and X is a halogen atom; 
O 0 

II II (4) 15 



wherein R is a divalent aromatic group, and R' is an alkyl group or a phenyl group. 
Aromatic polyamides according to the invention are readily soluble in various and common- 
20 place organic solvents and, therefore, can easily be formed into various shapes from solutions. 20 

Besides, these polyamides are excellent in heat resistance and have good mechanical properties. 

Accordingly these polyamides are of value as industrial materials. Furthermore, these polyamides 

can easily be converted into corresponding polybenzoxazoles, which are soluble in various 

organic solvents, by a cyclizing reaction. 
25 Using aromatic polyamides represented by the general formula (1), the present invention 25 

provides polybenzoxazoles represented by the general formula (5): 



30 



wherein R is a divalent aromatic group, and n is an integer from 1 to 200. 

These polybenzoxazoles are also soluble in various and commonplace organic solvents and, 
35 therefore, can easily be formed into various shapes from solutions. Besides, these polybenzoxa- 35 
zoles are excellent in heat resistance and mechanical properties. Accordingly these polybenzoxa- 
zoles are of value as industrial materials. 

In preparing an aromatic polyamide according to the invention from 2,2-bis(3-amino-4-hydroxy- 
phenyl)hexafluoropropane (will be appreviated to BAHPH-HFP) by reacion with an aromatic dicar- 
40 boxylic acid, any of known dicarboxylic acids represented by the general formula (2) can be 40 
employed. The following are examples of dicarboxylic acids favorable in the practice of the 
present invention: isophthalic acid, terephthalic acid, 4-4'-biphenyldicarboxylic acid, biphenylether- 
4,4'-dicarboxylic acid, benzophenone-4>4'-dicarboxylic acid, benzosulfone-4,4'-dicarboxylic acid, 
2,6-naphthalene-dicarboxylic acid, diphenylmethane-4,4'-dicarboxylic acid, 4,4'-isopropylidenedi- 
45 phenyl-1,1'-dicarboxylic acid and 4,4'-hexafluoroisopropylidenediphenyl-1, 1 '-dicarboxylic acid. 45 
Alternatively it is possible, and is rather convenient, to use a dicarboxylic acid dihalide which 
may be any of known compounds represented by the general formula (3). Preferable examples 
are dichlbrides of the above named ten kinds of dicarboxylic acids. 

Still alternatively it is possible to use a dicarboxylic acid diester which may be any of known 
50 compounds represented by the general formula (4). Preferable examples are diphenyl esters of 50 
the above named ten kinds of dicarboxylic acids. 

It is optional to use a mixture of two or more kinds of dicarboxylic acids, or dicarboxylic acid 
dihalides or dicarboxylic acid diesters to thereby obtain a copolymer as an aromatic polyamide 
according to the invention. 

55 In the case of reacting BAHPH-HFP with a dicarboxylic acid represented by the general formula 55 
(2), the reaction is carried out in a suitable organic solvent such as, for example, N,N-dimethyl- 
formamide, N,N-dimethylacetamide or N-methyl-2-pyrrolidone at a. temperature ranging from room 
temperature to the boiling point- of the employed solvent. When a dicarboxylic acid dihalide 
represented by the general formula (3) is used instead of the acid the reaction is carried out also 

60 in a similar. organic solvent, and in this case a suitable reaction temperature is in the range from 60 
about — 10°G to about 50°C. A similar organic solvent is used also in the case of reacting 
BAHPH-HFP with a dicarboxylic acid diester represented by the general formula (4), and in this 
case a suitable reaction temperature is in the range from about 50°C to about 300°C. 
A polybenzoxazole according to the invention, represented by the general formula (5), is 

65 obtained by subjecting a polyamide according to the invention to a dehydrating and cyclizing 65 
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reaction. This reaction itself is well known. In general this reaction is accomplished by heating 
the polyamide for a sufficient period of time at a temperature in the range from about 100°C to 
about 500°C. It is optional to heat the polyamide in the presence of a dehydrating agent such 
as, for example, polyphosphoric acid with a view to accomplishing the dehydrating and cyclizing 
5 reaction at a relatively low temperature. Also it is optional to carry out the reaction under 5 
reduced pressure in view of the possibility of accomplishing the reaction at a relatively low 
temperature. 

Another method of preparing a polybenzoxazole according to the invention is reacting BAHPH- 
HFP with an aromatic dicarboxylic acid represented by, the general formula (2) in polyphosphoric 
10 acid. The reaction is carried out at 10-250°C for tens of minutes to several hours. This reaction 10 
directly gives a polybenzoxazole. 

EXAMPLE 1 

In a 50 ml three-necked flask having a nitrogen gas inlet, 0.915 g of BAHPH-HFP was 
15 dissolved in 5 ml of dimethylacetamide. The solution was freezed by using a bath of dry ice and 15 
acetone, and then 0.508 g of isophthalic acid dichloride was put into the flask. After that the 
bath was changed to an ice bath, and gentle stirring was commenced to cause the freezed 
solution to gradually melt. The stirring was continued for 5 hr while maintaining a nitrogen gas 
atmosphere in the flask. As the result a polymer was obtained. 
20 By infrared absorption spectrum analysis the polymer exhibited absorption bands at 1650 cm" 1 20 
and 1600 cm" 1 which are characteristic of acid amides. Elementary analysis of this polymer gave 
the following result. 

Calculated (%) : C 55.66, H 2.84, N 5.64 
25 Found (%) . : C 55.46, H 2.61, N 5.78 25 

Therefore, the obtained polymer was confirmed to be a polyamide represented by the following 
formula (6). 

I CHN. ^ ^NEC^^s, L 



16) 



35 * 35 

In sulfuric acid the intrinsic viscosity TJnh of this, polyamide was 0.08 dL/g at 30°C. This 
polyamide was soluble in, for example, dimethylformamide, pyridine, 1-methyl-2-pyrrolidone, 
dimethyl sulfoxide, tetrahydrofuran and acetone. 

40 EXAMPLE 2 40 
The polyamide prepared in Example 1 was placed in a glass tube and was heated at 250°C 
for 20 hr while the pressure in the tube was kept reduced to 1 mmHg or below. 

By infrared absorption spectrum analysis after the above heat treatment, the polymer exhibited 
an absorption band at 1620 cm - 1 characteristic of oxazole. Elementary analysis of the heat- 
45 treated polymer gave the following result: 45 

Calculated (%) : C 60.01, H 2.19, N 6.08 
Found (%) : C 60.13, H 2.26, N 6.31 

50 Therefore, the heat-treated polymer was confirmed to be a polybenzoxazole represented by the 50 
following formula (7). 

EXAMPLE 3 

By the same method as in Example 1, BAHPH-HFP was reacted with 2,2-bis{4-chlorocarbonyl 
60 phenyl) hexafluoropropane to obtain a polymer. 60 
By infrared absorption spectrum analysis the polymer exhibited absorptions at 1650 cm" 1 and 
1600 cm -1 . Elementary analysis of this polymer gave the following result. 
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Calculated (%) : C 53.20, H 2.51, N 3.88 
Found (%) : C 53.17, H 2.34, N 3.91 



5 



Therefore, the obtained polymer was confirmed to be a polyamide represented by the following 
formula (8). 



5 




10 



10 



EXAMPLE 4 



In a glass tube the polyamide prepared in Example 3 was heated at 250°C fr 30 hr while the 
15 pressure in the tube was kept reduced to 1 mmHg or below. 

The heat-treated polymer exhibited an infrared absorption at 1620 cm" 1 , and elementary 
analysis of this polymer gave the following result. 

Calculated (%) : C 55.99, H 2.06, N 4.66 
20 Found (%) : C 55.70, H 2.04, N 4.98 

Therefore, the heat-treated polymer was confirmed to be a polybenzoxazole represented by the 
following formula (9). 



30 Heat resistance of this polybenzoxazole was examined by thermogravimetric analysis. In air the 30 
polymer began to decompose at about 415°C and exhibited 10% loss of weight at 520°C. 

This poJybenzoxazole was soluble in, for example, o-chlorophenol, pyridine, 1 -methyl-2-pyrroli- 
done and dimethylacetamide. 

35 EXAMPLE 5 35 
In a TOO ml flask connected with a nitrogen gas source and with a reflux condenser, a mixture 
of 1.830 g (5 millmol) of BAHPH-HFP, 1.290 g (5 millimol) of 4,4'-oxydibenzoic acid, 10 ml of 
N^methylpyrrolidone, 2.5 ml of pyridine, 3.1 g (10 millimol) of triphenyl phosphite and 0.5 g of 
lithium chloride was heated to 100°C in a nitrogen gas atmosphere and was stirred for 6 hr 
40 under the same condition. After that the reaction liquid was slowly poured into a large quantity 40 
of water to precipitate a white polymer. 

The obtained polymer exhibited infrared absorptions at 1650 cm 1 and 1600 cm" 1 , and 
elementary analysis of this polymer gave the following result. 

45 Calculated (%) : C 59.19, H 3.08, N 4.76 45 
Found {%) : C 59.09, H 3.13, N 4.85 

Therefore, this polymer was confirmed to be a polyamide represented by the following formula 
(10). In sulfuric acid the intrinsic viscosity of this polyamide was 0:1 dL/gat 30°C. 




25 




50 



55 



55 



COMPARATIVE EXAMPLE 



For comparison with the polyamides (6), (8) and (10) of Examples 1. 3 and 5, two kinds of 
known polyamides represented by the following formulas (i) and (ii) were prepared each by a 
known method. 
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The polyamide (i) was prepared by reaction of 2,2-bis{3-amino-4-hydroxyphenyl)propane with 
15 isophthalic acid chloride in dimethylacetamide. The polyamide (ii) was prepared by reaction of 15 
4,4'-diamiho-3,3'-dihydroxybiphenyl with isophthalic acid chloride in dimethylacetamide. 

Solubilities of the novel polyamides (6), (8) and (10) and the known polyamids <i) end (ii) in 
several kinds of organic solvents were found to be as shown in the following table, wherein the 
evaluation marks A to D indicate the following results, respectively. 
20 A: rapidly dissolved. 20 

B: dissolved. 

C: partially dissolved. 

D: insoluble. 



25 












25 




Solvent 






Polyamide 




















(6) 


(8) 


(10) 


(i) 


(ii) 


30 












30 


pyridine 


A 


A 


A 


A 


D 




dimethyl f ormamide 


A 


A 


A 


C 


D 


35 


N-methylpyrrolidone 


A 


A 


A 


A 


A 35 




methanol 


C 


C 


B 


D 


D 




acetone 


A 


A 


A 


C 


D 


40 


methyl ethyl ketone 


C 


C 


B 


C 


D 40 




ethyl acetate 


C 


C 


B 


D 


D 




tetrahydrof uran 


A 


A 


A 


C 


D 



45 45 



EXAMPLE 6 

This example relates to preparation of a polybenzoxazole according to the invention by a 
50 single-stage process. 50 
In a 100-ml three-necked flask connected with a nitrogen gas source and with a reflux 
condenser; a mixture of 1.83 g of BAHPH-HFP, 0.83 g of isophthalic acid and 60 g of 116% 
poly phosphoric acid was subjected to reaction at 200°C for 4 hr in a nitrogen gas atmosphere 
with continuous stirring. After that the reaction liquid was poured into a large quantity of water 
55 to precipitate a polymer. The polymer was washed with a dilute aqueous solution of sodium 55 
carbonate and then dried. 

The obtained polymer exhibited infrared absorption at 1620 cm' 1 characteristic of oxazoles, 
and elementary analysis of this polymer gave the following result. 

60 Calculated (%) : C 60.01, H 2.19, N 6.08 60 
Found (%) : C 59.78,. H 2.20, N 6.15 

Therefore, the obtained polymer was confirmed to be the polybenzoxazole represented by the 
formula (7) shown in example 2. 
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EXAMPLE 7 

This example too relates to preparation of a polybenzoxazole according to the invention by a 
single-stage process. 

Using the same apparatus as in Example 6, a mixture of 1.83 g of BAHPH-HFP, 1.29 g of 
5 4 f 4'-diphenylether dicarboxylic acid and 60 g of 116% polyphosphoric acid was subjected to 5 
reaction at 200°C for 4 hr in a nitrogen gas atmosphere with continuous stirring. After that the 
reaction liquid was poured into a large quantity of water to precipitate a polymer, which was 
washed and dried in the same manner as in Example 6. 
The obtained polymer exhibited infrared absorption at 1620 cm"', and elementary analysis of 
10 this polymer gave the following result. 10 

Calcuated (%) : C 63.05, H 2.55, N 8.69 
Found (%) : C 62.88, H 2.56, N 8.96 

15 Therefore, this polymer was confirmed to be a polybenzoxazole represented by the following 15 
formula (11). 



20 



In sulfuric acid the intrinsic viscosity i inn of this polybenxoxazole was 0.08 dL/g at 30°C. 
Heat resistanced of this polymer was examined by thermogravimetric* anaiysis. In air the polymer 
25 began to decompose at abnout 420°C and exhibited 10% loss of weight at 353°C. This 25 
polybenzoxazole was soluble in, for example, o-chlorophenol, pyridie and 1 -methyl-2-pyrro!idone. 

CLAIMS 

1. An aromatic polyamide represented by the general formula (1): 

35 wherein R is a divalent aromatic group, and n is an integer from 1 to 200. 35 

2. An aromatic polyamide according to Claim 1 . wherein said R is -C 6 H 4 -. 

3. An aromatic polyamide according to Claim 1, wherein said R is -C 6 H 4 -C(CF 3 ) 2 -C 6 H 4 -. 

4. An aromatic polyamide according to Claim 1, wherein said R is -C 6 H 4 -OC 6 H 4 CO. 

5. A method of preparing an aromatic polyamide, comprising the step of reacting 2,2-bis(3- 

40 amino-4-hydroxyphenyl)hexafiuoropropane with an aromatic dicarboxylic compound selected from 40 
dicarboxylic acids represented by the general formula (2), dicarboxylic acid dihalides represented 
by the general formula (3) and dicarboxylic acid diesters represented by the general formula (4): 

0 O 

«■ " fol 45 

HO-C-R-C-OH (2) 



wherein R is a divalent aromatic group, 

50 ? 0 
il II- 
X-C-R-C-X 

wherein R is a divalent aromatic group, and X is a halogen atom, 



50 

(3) 



55 



O 0 
R'O-C-R-C-OR' (4) 



55 



60 wherein R is a divalent aromatic group, and R' is an alkyl group or a phenyl group. 60 
6. A method according to Claim 5, wherein said aromatic dicarboxylic compound is a dicar- 
boxylic acid selected from isophthalic acid, terephthalic acid, 4,4'-biphenyldicarboxylic acid, biphe- 
nylether-4,4'-dicarboxylic acid, benzophenone-4,4'-dicarboxylic acid, benzosulfone-4,4'-dicarboxylic 
acid, 2,6-naphthalene-dicarboxylic acid, diphenylmethane-4,4'-dicarboxy!ic acid, 4,4'-isopropylide- 

65 nediphenyl-1,1'-dicarboxylic acid and 4,4'-hexafluoroisopropylidenediphenyl- 1 , V-dicarboxylic acid. 65 
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7. A method according to Claim 5, wherein said aromatic dicarboxylic cmpound is a dicar- 
boxylic acid dichibride selected from isophthalic acid dichloride, terephthalic acid dichloride, 4,4'- 
bisphenyldicarboxylic acid dichloride, biphehylether-4,4 -dicarboxylic acid dichloride, benzophe- 
none-4,4'-dicarboxylic acid dichloride, benzosulfone-4,4'-dicarboxylic acid dichloride, 2,6-naphthal- 

5 ene-dicarboxy lie acid dichloride, diphenylmethane-4,4'-dicarboxylic acid dichloride, 4,4'-isopropyli- 5 
denediphenyl-1 J'-dicarboxylic acid dichloride and 4,4'-hexafIuoroisopropylidenediphenyl-1, 1'-dicar- 
boxylic acid dichloride. 

8. A method according to Claim 5, wherein said aromatic dicarboxylic compound is a dicar- 
boxylic acid diester selected from diphenyl isophthalate, diphenyl terephthalate, diphenyl 4,4'- 

10 biphenyldicarboxylate, diphenyl biphenylether-4,4'-dicarboxylate, diphenyl benzosulfbne-4,4'-dicar- 10 
boxylate, diphenyl 2,6-naphthaIenedicarboxylate, diphenyl •diphenylmethane-4,4'-dicarboxylate, di- 
phenyl 4,4'-isopropylidene diphenyl- 1 , 1'-dicarboxy late and diphenyl 4,4'-hexafluoroisopropylidene- 
diphenyl- 1 , 1 -dicarboxylate. 

9. A polybenzoxazole represented by the general formula (5): 

15 15 

(5) 

20 20 
wherein R is a divalent aromatic group, and n is an integer from 1 to 200. 

10. A polybenzoxazole according to Claim 9, wherein said R is -C 6 H 4 -. 

11. A polybenzoxazole according . to Claim 9, wherein said R is -C 6 H 4 -0-C 6 H 4 -. 

12. A polybenzoxazole according to Claim 9, wherein said R is -C 6 H 4 -C(CF 3 ) 2 -C 6 H 4 -. 

25 13. A method of preparing a polybenzoxazole, comprising the step of subjecting an aromatic 25 
polyamide represented by the general formula (1) to dehydrating and cyclizing reaction: 




—f-CEN-7 v 9*3 v r — NEC 



'1 



30 i «/SH«5£ " ) 



wherein R is a divalent aromatic group, and n is an integer from 1 to 200. 

14. A method of preparing an aromatic polyamide, substantially as hereinbefore described in 

35 any of Examples 1, 3 and 5. 35 

15. An aromatic polyamide prepared by a method according to Claim 14. 

16. A method of preparing a polybenzoxazole, substantially as hereinbefore described in any 
of Examples 2, 4, 6 and 7. 

17. A polybenzoxazole prepared by a method according to Claim 16. 
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